


Problem: Impact plus wu 


Answer: Chromium-Mol 


The aircraft use of Chromium-Molybdenum (X4130) ness of 363 B.H.N., provides good wear resistance in 

steel has established its effectiveness in parts requir- addition to the required impact and tensile strength. 

ing high strength and toughness in light sections. Technical details concerning X4130 steel and its ap- 
The steel is meeting similar requirements in drag- plications will be found in our booklet, “Molybdenum 

bit blades. They are normalized from 1650 F., oil in Steel”. A copy of this informative technical booklet 

quenched from 1550 F., and tempered at 900 F. will gladly be sent to technical students and any 
The allowable high temper, with a retained hard- others who may be interested. 


CLIMAX FURNISHES AUTHORITATIVE ENGINEERING DATA ON MOLYBDENUM APPLICATIONS. 
MOLYBDIC OXIDE—BRIQUETTED OR CANNED + FERROMOLYBDENUM «+ CALCIUM MOLYBDATE 
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The Dozerpod Might Have 
Served Adam 
but... 









. «+ Mechanized Equipment Does It for Uncle Sam 





Back of beyond where defense begins, bulldozers and powerful 






tractors are carving out roads and supply lines where such 






were never dreamed of before. And in these hard-working 






machines are quantities of tough New Departure ball bearings, 






forged of the finest steel for high capacity and long life in 






their vital jobs. 






New Departure, Division General Motors Corp., Bristol, Conn. 
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BALL BEARINGS FOR DEFENSE 
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ASTER than ever before man shapes 

steel to meet his needs, slicing it to 
the desired shape with the oxyacetylene 
flame — the modern cutting tool which 
never dulls. It shapes thin gauge sheet 
or heavy slabs; forgings and structures 
with equal ease, and with truly aston- 
ishing accuracy. 

New, better and faster ways of 
making machines, engines, ships, tanks 
and innumerable other products is the 
direct result of the efficiency and 
proper application of this modern 
production tool. 

But the oxyacetylene flame does not 
content itself merely with being the out- 
standing metal cutting tool. Because of 


LANCES OF FIRE THAT SLICE STEEL 


its versatility, it finds wide and varied 
application in speeding defense. It 
hardens steels to any desired degree 
and depth; cleans metal surfaces for 
quicker and longer lasting paint jobs; 
gouges out metal with astonishing speed 
and accuracy, and welds metal together 
into a homogenous unit. To aid and 
expand production schedules by the 
most efficient and economical appli- 
cation of the oxyacetylene flame, Air 
Reduction makes available to industry 
the practical cooperation of a skilled 
engineering department. 

“Airco in the News"’ shows many in- 
teresting uses of the oxyacetylene 
flame and electric arc. Write for copy. 






REDUCTION 


ee Gfices: 
60 EAST 42nd STREET, NEW YORK, N. Y. 


In Texas: 
Magnolia-Airco Gas Products Co. 


DISTRICT OFFICES IN PRINCIPAL CITIES 


ANYTHING AND EVERYTHING FOR GAS WELDING OR CUTTING AND ARC WELDING 
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By VIRGIL EDWARD OTTO °43 


HOW THE CHANGEOVER TO THE NEW CROSSBAR 
DIAL TELEPHONE SYSTEM IS ACCOMPLISHED 


T the present time, there are over a million tele- 
phones installed in Chicago, which take care of 
4,700,000 calls per day. This represents a twofold 
increase since 1920. As in the case of other large cities, 
it was apparent in Chicago that manually operated 
switchboards could not continue indefinitely to ade- 
x raged serve the local operating problems. It followed 
that the switching equipment needed to complete the 
necessary connections in telephone work would have to 
be mechanical in order to give efficient and speedy 
service. Several of the manually operated exchanges of 
the downtown area had already been converted to dial 
operation, and this service was found to be very suc- 
cessful. Since then, several sections of the residential 
areas in Chicago have been converted. The newest 
installation of dial equipment will serve Rogers Park, 
Chicago’s north side residential district. This exchange 
contains five office units servicing 42,400 telephones. The 
total cost of the conversion project will run to about 
four million dollars, of which approximately three 
million will be spent for central office dial equipment. 
It is the purpose of this article to outline the installation 
renga and to explain the general features of the 
atest type of dial telephone equipment known as 
Crossbar. 

The first type of mechanical switching device was 
called step by step equipment; later, came the panel 
dial system; and since 1936 the Bell system has been 
installing still a later development, the crossbar dial 
system. The best arrangement for serving this large 
residential area with due consideration of interconnec- 
tion with the metropolitan area and other Chicago 
offices is the crossbar dial system. The switching mes 
anism of this system is designed to provide flexible and 
economical trunking arrangements for large cities, plus 
the most up-to-date operating features, so it can easily 
handle areas where there is a high traffic rate. The new 
installation will be designed to work with the older 
types of equipment in the surrounding areas. 

Crossbar is essentially a relay system, which in gen- 
eral contains no continuously moving parts. This avoids 
to a large extent the troubles of a mechanical type. 

The system consists principally of crossbar switches, 
multi-contact relays, and the usual small relays similar 
to those generally employed in all telephone systems. 
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The switching circuits are wired to the contacting 
springs of the switches, and the connections through the 
switches are made by pressing contacts together by 
means of simple electro-magnetic structures, instead of 
the moving brushes and associated fixed bank terminals 
of other systems. 

The crossbar switch is a multiple relay structure 
with twenty vertical relay-like units, each unit having 
an operating or “holding” magnet and ten sets of con- 
tacts in a vertical row. The typical switch arrangement 
provides a rectangular field of contacts in twenty verti- 
cal and ten horizontal rows, or a total of two hundred 
sets of contacts, one set at each “‘crosspoint.”” These 
crosspoint contacts are operated independently of each 
other by a coérdinated operation of the horizontal and 
vertical bars. The horizontal bars are controlled by the 
ten horizontal or “selecting” magnets, and the vertical 
bars by ten or twenty vertical or “holding” magnets, 
dulintion on whether it is of a one hundred or two hun- 
dred cross point capacity unit. Since the contacts are 
held in operation j the holding magnet alone, the 
selecting magnet is operated only momentarily, and is 
released as soon as the holding magnet is seized. So it 
follows, that after a selecting magnet is released, other 
connections may be established through the switch by 
the operation of other selecting and holding magnets. 
The main piece of equipment is the crossbar switch 
shown in Figure 1. These crossbar switches, which per- 
form the major switching operations, are provided with 
twin contacts of precious metal (palladium) to reduce 
circuit failures due to corrosion and dirt. 

One of the most remarkable operations in the estab- 
lishment of a call is performed through the terminating 
marker, one of the Ludees in the system. In dial sys- 
tems, other than crossbar, a talking path is established 
= by step through the various portions of equipment 
right up to the selection of the called telephone number. 
If the called line is busy, considerable equipment is held 
up until the calling party disconnects. Instead of this 
procedure, the markers go around to the back door, so 
to speak, to find out whether the called subscriber’s line 
is busy. If it is, the busy signal will be given immedi- 
ately and little equipment will be tied up. If the called 
line is not busy, the missing steps in the talking path 
will be completed. It sounds like an impossible per- 
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formance but the Bell System engineers have developed 
this principle for improving the efficiency of various 
equipment parts. 

This huge conversion to dial telephone operation in 
Rogers Park is scheduled to take fifty weeks. It directly 
involves three main groups of experienced telephone 
workers; namely, the Illinois Bell Telephone Company, 
the Western Electric Installation Department and the 
Western Electric Company, Inc., Manufacturing De- 
partment. It might be interesting to outline briefly the 
planning of an installation such as the Rogers Park 
Crossbar Exchange from the time it was first conceived, 
until the time of the final cutover from manual to dial 
operation. This requires very extensive studies on the 
part of the telephone company extending usually over 
a period of several years. These studies are carried on 
by highly specialized groups, as follows: 

The Commercial Engineer, the Plant Extension or 
Fundamental Plans Engineer, the Traffic Engineer, the 
Equipment Engineer, the Building Engineer and the Out- 
side Plant Engineer. It is the telephone company’s job 
to keep a perpetual record of what the subscriber needs 
in telephone service. They keep close tab on the density 
of telephone traffic and determine from data whether 
or not the present equipment is sufficient for the traffic 
loads that will be encountered. In the Rogers Park area, 
crossbar dial central office units were decided upon to 
replace the present manually operated switchboards. 
It now becomes necessary to determine the number of 
frames of equipment that will be required in the new 


Distributing frame where connections are made 


for different type of telephone service Western Electric 





ime 






AAD, 
we We 


ae rh . 










¥ 


acted 
i =: 
AN Ee 











units. A portion of the equipment is tied up but momen- 
tarily, while other equipments are utilized for the whole 
duration of the conversion, so the engineers must work 
out with the aid of traffic capacity tables the amount of 
equipment required to handle the peak load and the 
housing facilities they must arrange for. The telephone 
company’s equipment specification is now prepared. 
This places their equipment requirements on the manu- 
facturer and supplier. 

All of the central office telephone exchange equip- 
ment for the new exchange is manufactured by or sup- 
plied through the Western Electric Company, Inc. 
When the manufacturers receive the engineering speci- 
fication, their first job is to schedule the work involved 
in manufacturing and installing the new central office 
equipment. After a job is scheduled, one knows the 
specific days on which the manufacture of equipment 
will be completed, the shipping dates, and the day for 
the cutover of equipment. It is important to know 
these intervals so that sub-schedules can be made up 
for the individual manufacturing departments and the 
Western Electric Installation Department. 

It is the responsibility of the equipment engineering 
department at the Western Electric Company, Inc., to 
transform the telephone company’s requirements listed 
in their specifications, into manufacturing terms. It is 
always necessary to divide the entire order into indi- 
vidual specifications which cover the equipment, cabling, 
wiring and other installing details. 

The entire job of installing the new equipment is 
done by an installing crew. An average of one hundred 
and fifty men are required to finish the job in the allotted 
fifty week schedule. While some of the more compli- 


‘cated equipment is still being manufactured by the 


shop, the heavy iron details and the superstructure are 
delivered to the premises and installed. The first job 
is to erect the superstructure, which will hold in position 
the equipment frames to be set in later. The super- 
structure is bolted to the ceiling inserts. With this 
arrangement, the equipped frames are held in position 
by the superstructure, and at the same time all of the 
weight is supported by the floor. 

he next important job is to set the frames in place 
and bolt them to the superstructure. Rogers Park 
a approximately seven hundred frames, which 
will make up the largest crossbar office to date. As 
some frames weigh as much as a ton, it is easy to realize 
why the work of placing and aligning will run over a 
period of eight weeks. Each frame is complete in every 
detail; the wiring terminated on terminal blocks, the 
equipment is verified and adjusted before leaving the 
Western Electric Company, Inc., plant. After the 
frames are installed, they must be interconnected by 
means of switchboard cable according to a definite plan. 

While one group of installers is finishing the assem- 
bly work in the exchange, another group is starting on 
cabling. This part of the installing interval takes some 
twenty-four weeks. Sometimes, there are as many as 
three hundred wires in a single switchboard cable, and 
the installer has a definite sequence of colors to follow, 
known as a “color code,” when he is connecting them 
to the terminal strips. By the use of this color code, 
identification of terminals is established. 

An important part of installation technique is run- 
ning cross connections or “jumpers” as they are called. 
This kind of wiring is done on the block relay frames 
and on the distributing frames. Such type of wiring 
serves as a flexible connection between two pieces of 
equipment, connections that can be changed quickly 
and easily, as when a subscriber moves or changes his 
type of telephone service. (Continued on page 202) 
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ELECTRON MICROSCOPE 
GREATLY INCREASES 
POSSIBLE MAGNIFICATION 
IN MANY FIELDS 
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An electro magnifier as developed by R.C.A. Electronics 


By GEORGE G. HARVEY 


PROFESSOR, M.I.T. PHYSICS DEPARTMENT 


N the past few years considerable attention has been 

devoted to the development of the electron micro- 
scope. Some of the results obtained with this instru- 
ment are rather startling; perhaps the most spectacular 
is the smallness of the objects that may be examined 
and the fineness of detail that the electron microscope 
reveals. 

Fundamentally, the electron microscope operates on 
the same principles that the ordinary light microscope 
does, the difference being that a beam of electrons is 
used instead of a light beam and magnetic (or electro- 
static) fields instead of glass lenses. Figure 1 shows 
schematically the similarity of the two instruments, for 
the case of the magnetic electron microscope. The light 
source S in the optical microscope is st he by the 
electron source S’ in the electron microscope. This con- 
sists of a hot tungsten filament. The condensing lens 
L, is replaced by the magnetic lens M;. This coil colli- 
mates the beam of electrons to “illuminate” the object. 
The magnetic lens M2, the objective, forms an enlarged 
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image of the object, just as does the optical objective 
L,. A portion of this is further magnified, by the eye- 
piece or projection lens L; inthe optical case and by the 
projection coil, M;, in the case of the electron micro- 
scope. The final electron image can be viewed on a 
fluorescent screen, or photographed for permanent 
record. 

Before describing the microscope in more detail, a 
word about electron lenses may not be out of place. 
The construction of optical lenses is made possible by 
reason of the fact that the path of a ray of light through 
a transparent medium is determined by the index of 
refraction of the medium. If the index of refraction 
changes from point to point the path of the light ray 
is curved, in general. Now a beam of electrons moving 
in an inhomogeneous magnetic field has many of the 
properties of a beam of light in a medium of variable 
refractive index. In particular, by suitably distributing 
the field, a divergent beam of electrons from a point 
source may be focussed, or imaged, at some other point. 
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Figure 1. Comparison of light and electron microscopes 





That is, we can construct a magnetic electron lens. It 
is this fundamental fact which makes the existence of 
the electron microscope possible. Figure 2 represents 
schematically a cross section of a typical magnetic 
electron lens. It consists of a cylindrical coil winding A, 
surrounded by a soft iron case B. The purpose of the 
lens is to produce in the region C a highly concentrated 
axial magnetic field symmetrical about the arrow. Such 
a field affects a beam of electrons in much the same way 
as a converging lens affects a beam of light. In particu- 
lar, if the field extends over a region which is short com- 
pared with the object and image distances, it acts like a 
thin lens of focal length f=k V/I° wheré V is the poten- 
tial through which the electrons have been accelerated 
and J the current through the lens coil. k is a constant 
depending on the geometry of the coil. It is well to 
note that all electron lenses of this type are positive 
(converging). 

The foregoing discussion has been concerned with 
the possibility of constructing an electron microscope. 
Questions of equal importance are: what are the advan- 
tages of such an instrument and to what are they due? 
To answer these questions we must consider the factors 
which influence the resolyvng power of a microscope. 
In Figure 1 we have assumed that light travels in rays; 
that is, we have neglected its wave aspect. This is all 
right provided we are not dealing with objects whose 
size is comparable with the wavelength of the light 
used. If we wish to examine such small objects then we 
must take account of diffraction, and it is this which 
essentially limits the resolving power, and thus the 
useful magnification, of a microscope, even though all 
geometrical aberrations were eliminated. Without 
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going into further detail we recall the Abbe formula for 
the limit of resolution of a lens: A=0.61 \/n sin 6. In 
this formula A is the distance between two points in 
object space such that the first minimum in the diffrac- 
tion pattern of one of these points in image space coin- 
cides with the principal maximum in the pattern of the 
other. We arbitrarily define this distance A as the limit 
of resolution and, in practice, two points will not be 
distinguishable as separate if they are much closer 
together than A. This distance A is seen to depend on 
the wavelength \ of the light used, on n the index of 
refraction of the medium between the object and the 
objective, and on @ the semi-angle subtended at the 
object by the objective. To make A as small as possible 
we must obviously use short wavelengths and make 
n sin 6, the numerical aperture, as large as possible. 
Optical microscopes using oil immersion can have a 
numerical aperture as high as about 1.6 as a maximum. 
Thus, by using ultraviolet light it has been possible to 
get A down to something like 500-1000 angstroms. 
(14 =10°5 cm.) 

Now let us consider the case of the electron micro- 
scope. According to the de Broglie relation, with a 
particle of momentum p there is associated a wave- 
length \ given by \=h/p, where h is Planck’s constant. 
Expressing this in practical units, for an electron which 
has been accelerated through a total potential difference 
of V volts, the wavelength \ (Continued on page 200) 
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Figure 2. Cross-section of magnetic electron-lens 
Figure 3. (a) General view of complete microscope 
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THE AGE-LONG SYMBOL OF AFFECTION 
IS AN ENGINEERING NECESSITY 


By MYRON EVERTS 


PRESIDENT, NATIONAL RETAIL JEWELERS ASSOCIATION; GOVERNOR OF THE GEMOLOGICAL INSTITUTE OF AMERICA; 
PAST PRESIDENT, JEWELERS RESEARCH GROUP 


ERHAPS some day diamonds will be manufactured 

in the laboratory just as most precious stones 
can be duplicated artificially today. Already many 
claims to successful diamond manufacturing have 
been advanced. However, the Gemological Institute 
of America, which was organized pie years ago as 
a scientific and educational utitute and also as an 
agent to arbitrate disputes concerning stones, has not 
approved any of these claims. 

All of these manufactured stones to which the claim 
of diamond has been given have been of such small 
size and of such a type that they could not receive 
every scientific test. Some of the particles have been 
extremely hard, resembling the true diamond in this 
quality, but whether these have had the same degree 
of refraction of light has not been determined. 

If the diamond is ever manufactured successfully, 
it is my opinion that this will not affect the price and 
value of Nature’s own creation. Today there are 
thousands of synthetic rubies on the market but the 
ruby produced by Nature has lost nothing in value. 
The manufacture of some synthetic stones is an expen- 
sive process which in many instances has been aban- 
doned because the cost has been prohibitive. 

Should it now be possible to produce synthetic dia- 
monds successfully Germany would not have had to 
resort to its recent drafting of gem diamonds of rare 
beauty to fill the role of the now scarce industrial 
‘“‘bort” needed to produce tanks, airplanes, guns and 
submarines. 

According to reports filtering through to jewelers in 
this country, German officials are now commandeering 
gem diamonds from rings, clips and bracelets to take 
the place of the industrial diamonds kept out by the 
British blockade. It is the belief that some industrial 
diamonds from Brazil have run the blockade and 
reached Germany but that these have not been sufficient 
to set with diamond points the tools engaged in pre- 
cision work. 

A munitions factory without industrial diamonds 
would have to close up shop. Diamonds are as necessary 
as petroleum to a war-waging nation. The stone has a 
thousand industrial uses. 

Because the diamond is the hardest substance known 
to man, receiving its name from the Greek word 
“‘adamant,”’ it is the material used to drill, to carve, to 
saw other hard substances. Holding a place far in 
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advance of all minerals, the diamond is 85 times as 
hard as the corundum —the ruby and sapphire — 
which occupies second position. 

Machine parts of every type are turned by dia- 
monds. Pistons can be trued on a lathe with a diamond- 

ointed tool to one ten-thousandth of an inch accuracy. 
iamond-set tools turn out the bores of guns so 
cleanly that no polishing process need follow. Gold, 
silver, platinum, iron and tungsten ¢an be drawn 
through diamond dies into wires of microscopic size. 
In an experiment which received wide attention, a 
platinum wire was silvercoated and this wire was 
extended through diamond dies until one ounce of 
latinum was long enough to stretch from Maine to 
outhern California. 

Tungsten, one of the hardest metals known, can 
be shaped easily by the diamond. Tools equipped 
with diamond points cut through granite as sully as 
a dasher turns in an ice cream freezer. Half of the 
diamonds in the world are classed as commercial ‘‘bort” 
and put to such industrial uses. The best of these com- 
mercial diamonds are tough and full of knots, similar 
to the knots in wood. 

While the mechanized world constantly is offering 
new tasks for the industrial diamond, the stone of 
gem quality continues to hold rank as the chief token 
of sentiment. To the jeweler this is the enthralling 
phase of the diamond industry. 

A survey printed in Harper’s Bazaar last May 
showed that of the 113,000 girls married every month 
in the United States, 110,000 of these receive diamond 
engagement rings. Only in America does this occur. 
In other lands through the ages precious gems have 
been reserved for royalty or for the ornamentation of 
war decorations. Americans own more diamonds than 
any other people. Considering this it seems appropriate 
that since the beginning of World War II the diamond 
market of the world has shifted from London to New 
York. 

Probably because of the prevalence of diamonds, 
many people have the idea that vast quantities of the 
gems are mined each year. This is not true. In 1928, 
which was the peak year for diamond production, if 
every family in New York had decided to give the 
mother a one-carat diamond for a Christmas gift from 
the year’s output of the mines, this would not have 
been possible. There were not (Continued on page 207) 
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TIME IS VICTORY 


A GLANCE AT THAT TIME-SA VER, THE NOMOGRAPHIC CHART 


By DOUGLAS P. ADAMS 


INSTRUCTOR IN GRAPHICS AT M.LT. 


In searching for possible economies of time or money 
in an engineering process it is very natural to arrange 
operations of equal magnitude in the order of frequency 
of their repetition and to expect the greatest opportunities 
for ultimate savings among those which occur most often. 
Applications of this purely abstract and elementary prin- 
ciple have recently revolutionized certain assembly processes 
and provide repeated practical support for the postulate 
that the broad art of engineering is synonymous with the 
development and application of good method. Frequently 
engineering processes include several mechanical or rou- 
tine operations which must be individually controlled, 
integrated, or ultimately interpreted through the use of 
mathematical formulas. Clearly those economies made in 
carrying through such repeated mathematical operations 
may with the lapse of time become as valuable assets as 
other more tangible ones which can be used but once. 
Hence we turn to graphical methods as a recognized means 
for time-saving in mathematics. 
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A‘ alignment! chart is a diagram which provides a 
graphical method for solving an equation for its 
nth variable when the values of the other n—1 variables 
have been specified. It contains several curves or sets 
of curves (the straight line being a special curve), one 
for each of the variables of the given equation. On a 
given curve or set of curves appear pe ess corre- 
sponding to convenient values of that variable. The 
design of the chart is such that any set of values of the 
variables which satisfies the equation lies along a straight 
line. It is this property which gives these charts their 
great practical engineering value. 

A simple case shows that this peculiar property can 
actually exist. Let the equation be u-+-v=w. Figure | 
consists of a horizontal line cut at U, V and W by three 
perpendiculars, two of which are equidistant from the 
third. Starting with zero at U and V, graduate the U 
and V lines uniformly and similarly in the standard unit 
but graduate the W line twice as closely. Let the dotted 
line create a trapezoidal figure ACBVWU. Then we 


know from grammar school that C A or 
2CW = AU+BV 


But AU=u, BV=v, and 2CW=w by construction. 
Hence by substitution the graduations at A B and C 
obey the law u+v=w. Since ABC was a random line 
we have the proposition that colinear graduations on 
this chart always obey the law u+v=w.? Thus we 
have succeeded in creating an alignment chart for this 
equation in three variables and knowing values of two 
of them we can always find the value of the third by 
employing a straight edge. 

The same simplicity of operation is very often appli- 
cable to charts drawn for much more difficult equations. 
The theory employed to produce a chart such as appears 
in Figure 2° is of a very much higher order than that 
for Figure 1 and the chart’s contribution is of propor- 
tionately higher value. In this chart the central figure 
is a curve with a peculiar equation whose discontinous 
fragments had to be united in order that a useful dia- 
gram might result. In engineering practice the vari- 
ables x and z are known and the resulting transcendental 
equation in the unknown yo requires great labor for its 


1The terms “alignment” and “nomographic” are often used 
interchangeably. Actually the latter is a broader term embrac- 
ing not only alignment charts but also any chart which presents 
an equation graphically. They have been used interchangeably 
in this article. 

*This will hold true even though negative values are intro- 
duced. 

‘Reprinted from “Industrial and Engineering Chemistry,” 
vol. 33, page 1082, August, 1941. “An Alignment Chart for 
Optimum p tewte of Cooling Water in Heat Exchangers” by 
R. D. Douglass and D. P. Adams. 
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evaluation. Figure 3 does not over-dramatize the con- 
tribution of such a chart. 

Certain characteristics of alignment charts are now 
apparent from these examples but should not be mis- 
taken for limitations on the practicality of the method. 
Thus it is clear that the range of the variables of the chart 
is forever limited to those values set forth in the original 
chart but it is equally apparent that it was the physical 
characteristics of the engineering process which the 
chart was designed to serve which imposed these limita- 
tions. Had the physical set-up been different, the chart 
would have been adapted to meet it. This statement 
reflects the fact that the general aspect of a chart is fre- 
quently a very direct and forceful interpretation of the 

hysical roles of the operators present in the equation. 

t is also true that three-figure accuracy is all that can 
consistently be expected from a good chart. The class 
of engineering operations, however, where three figure 
answers are either very helpful or entirely sufficient is 
so great as to insure extensive applicability of the 
method. The individual labor of designing and draft- 
ing a chart skillfully and accurately is frequently a 
substantial task but is quickly saved many times over 
by the chart’s repeated use. This is often true even of 
charts for very simple equations in cases where the 
computations would otherwise be carried out by labor- 
ers or persons unfamiliar with the simplest arithmetic. 

The rapid extension of the type of ingenuity em- 
ployed in Figure | is immediate. Instead of plotting 
the scales uniformly we might plot them according to a 
logarithmic scheme whereby 

UA=log u; VB=log v; 2WC=log w 
but since UA+VB=2 WC 
we have log u+log v=log w, or 

us v=w 
Hence this diagram is an alignment chart for this equa- 
tion. Further extensions of these methods to equations 
of the form 

(1) k-u+l-v=m-w+g 

and (2) (u+p)k+(v+-q)!'=(w+r)"-+a 
requires merely greater care in execution but need not 
be based on different theoretical considerations. The 
aspect of either chart will be that of three parallel 
scales, uniform in the first case and logarithmic in the 
second. The presence of the constants and exponents 
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has the general effect of condensing the graduations, of 
shifting the scales up and down, or of shifting the inner 
one away from a central position. The accomplished 
nomographer must not only juggle these factors but 
meet the further demand that he cause his overall 
figure to fit into and entirely consume a certain avail- 
able rectangular area. The very great number of engi- 
neering formulae which can be put in the above form 
cause this chart consisting of three parallel scales con- 
suming a rectangle to be the best known of any single 
t . 
A second kind of chart which takes care of the same 
equation (2) is shown in Figure 4. We observe an 
advantage of this type of chart in that the scales on 
the sides are uniform for the simple equation u-v=w, 
permitting an easier compounding of it with other types. 

The charts shown above all employ scales which lie 
along straight lines and require but one alignment. 
The more advanced theory quickly shows that a chart 
may contain three curved scales or even three sets of 
curved scales. Hence as many as six variables may 
theoretically be accommodated. An alignment chart 
employing two straight scales and a network or set of 
scales for the equations x*+ax’?+bhx+c=0 over the 
given range of variables appears in Figure 5.! The solu- 


tion x=1, x=2, x=12 for the values a= —15, b=38, 
c= -—24, is drawn upon the chart. Note that since a 
Figure 3 
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change in the sign of a root merely reverses the algebraic 
sign of a and ¢, it is sufficient to plot positive values of x. 

Alignment charts for more than three variables may 
frequently be compounded, by the ingenious use of 
auxiliary variables, from several charts each of which 
contains only three variables. Figure 6 shows a chart 
for the nine variables of equations (Continued, page 206) 





1This method is particularly helpful for furnishing the first 
digits for Horner’s method. 
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EXEUNT 


With this issue the board of Volume XXII says 
goodbye to THE TECH ENGINEERING News and turns 
the magazine over to the new board. Theirs will be 
an increasingly difficult task as the present emergency 
makes unusual demands on the time and energy both 
of the students and of the faculty members and indus- 
trial leaders upon whom the magazine relies for many 
articles. It is at such times as these, however, when 
interest in scientific and engineering progress is greatest, 
that the magazine may be of most service. We of the 
old board wish all possible. success to the staff of Vol- 
ume XXIII, and hope that they will enjoy their work 
as much as we have. 

James Harker, °43, General Manager; John Sibley, 
°43, Editor-in-Chief; and Jack Karstrom, °43, Business 
Manager, will compose the new Senior Board. 

The Junior Board will consist of Stanley Felix, °44; 
Arthur Komarek, ’44, Alan Michaels, ’44, and William 
VanRavenswaay, °44, Associate Editors; David Jealous, 
°44, Publications Editor; Lee Eagleton, 44, Personnel 
Manager; Paul Heilman, °44, Publicity Manager; 
Bernard Dale, °43, Circulation Manager; Norman 
Greenman, °44, Associate Circulation Manager; Thomas 
Lawson, °44, Treasurer; and Frederick Lehman, °44, 
Advertising Manager. 
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THE SECOND DISCOVERY OF AMERICA 


In America, science is discovering a vast new world—a 
stupendous world that Columbus never dreamed of. This 
new America is boundless. Its riches are infinite, thanks in 
large measure to the magic of synthetic organic chemistry. 

One of the discoveries in this field is an amazing series of 
synthetic plastics—“Vinylite” resins. 

In one form or another, these astounding materials appear 
in such diverse essentials as food-can linings . . . and tank-car 
linings; as airplane cockpit covers... and non-flammable in- 
sulation for vital electrical wiring; as corrosion-resistant 
wrappings for cross-continental pipe lines . . . and welders’ 
goggles; as the thin film on paper which is put inside bottle 
caps... and as the invisible interlayer in the sandwich of 
safety glass. 

“Vinylite” resins can be formed, drawn, laminated, and bonded. 
In basic form, they are odorless, tasteless and non-toxic, and range from 
non-flammable to slow-burning. They can be made stiff or flexible . 
hard or soft . . . colorless or almost any color under the sun. . . trans- 
parent, translucent, or opaque. And the result is resistant to oxidation .. . 


waterproof .. . alcohol-, alkali- and acid-resistant. 
These unusual properties have created a heavy demand for “Vinylite” 


resins, particularly to meet defense needs. This is why it is not possible, 
at present, to supply all manufacturers of articles for personal and home 
use with all the “Vinylite” resins needed. Against the return of more 
normal times, when larger quantities for normal uses will again be avail- 
able, manufacturers are invited to test these new plastics .. . to develop 
new and improved things to be made from them .. . so that all can benefit 
from the discovery of “Vinylite” resins. 


“Vinylite” resins and plastics are supplemented by the well-known prod- 
ucts of Bakelite Corporation. The resins themselves are produced by 
Carbide and Carbon Chemicals Corporation. Certain elastic sheetings and 
films are made from these resins and marketed by National Carbon Com- 
pany, Inc., under the trade-mark “Krene,” while other compounded forms 
useful in electrical insulation are marketed by Halowax Corporation. 
The manufacture of all these products has been greatly facilitated by the 
metallurgical experience of Electro Metallurgical Company and Haynes 
Stellite Company and by the metal-fabricating knowledge of the Linde 
Air Products Company. All of these companies are Units of Union Car- 
bide and Carbon Corporation. 


CARBIDE AND CARBON CHEMICALS CORPORATION 
Unit of Union Carbide and Carbon Corporation  ‘ 


30 East 42nd Street UCC) New York, N. Y. 
Producers of Synthetic Organic Chemicals 
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Figure 3 

(b) Close-up 
view of bottom 
sections show- 
ing viewing 
ports, camera, 
and lens cur- 
rent knobs 
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in angstrom units is given by \=12.2/VV provided 
that V is not greater than about 100,000 volts so that 
relativity effects may be neglected. For example, an 
electron which has been accelerated through 40,000 
volts has a wavelength of 0.06 A, or roughly 100,000 
times shorter than visible light. On the other hand, 
the numerical aperture of most electron microscope 
objectives is somewhere around 0.01 to 0.02 or, roughly, 
100 times smaller than for the optical microscope. The 
net result is a gain ofa factor of about 1000 in the theo- 
retical resolving power of the electron microscope over 
that of the optical microscope. That is, if diffraction 
were the limiting factor, we should actually be able to 
hotograph in detail objects about 1000 times smaller 
= using an electron microscope. With present design 
electron lenses, however, it turns out that spherical 
aberration is an important limiting factor. It may be 
shown that for the range of voltages usually employed 
(50-90 kv) the limitation due to spherical aberration 
is of the order of a few hundred wavelengths and 
around 20 to 30 A is about the best that has been 
attained. This still represents a gain of about 20 times 


Figure 4 
(a) Object stage in place with condenser lens coil 
above and objective below 


(b) Cross-section 






















over the best optical microscope. Another limiting 
factor is the constancy of the electron energy and the 
lens currents. It will be recalled that the focal length 
of the lens depends on V, which is a measure of the 
electron energy. If this is not absolutely constant then 
the focal length will vary, thus smearing out the image. 
This can be caused either by fluctuations in the acceler- 
ating potential or by loss of energy in any way, such as 
by scattering in the object support. In order to realize 
a resolution of 10 A it is necessary to keep the accelerat- 
ing voltage and the lens currents constant to a few 
thousandths of a per cent. This is done by means of 
electronic stabilizing circuits, 

There is shown in Figure 3 a photograph of the 
instrument which has been constructed in the Physics 
Department here at the Institute. The microscope 
itself is in the center. The cabinets beside the micro- 
scope contain the power supplies and current and volt- 
age regulators for the lens currents on the left, and on 
the right the main switchboard and the high voltage 
regulator. The accelerating voltage is obtained from a 
high voltage transformer with full wave rectification 
and a 0.3 microfarad condenser for smoothing, in an 
adjoining room. This supplies voltages up to 100 kv. 
The output of this is tied to the high voltage stabilizer 
which in turn controls the input voltage across the 
transformer in such a way that line voltage fluctuations 
of as much as 10 per cent would cause a change of only 
a few volts in the output.. However, the line voltage 
is first stabilized to a 6 of a per cent by means 
of a saturation core transformer. e 700-henry choke 
in the d.c. output effectively reduces the a.c. ripple 
‘caused by the load to about half a milliampere. This 
very constant voltage is brought to the cathode of the 
microscope on a line designed to reduce corona loss as 
much as possible. Batteries for heating the filament 
and providing bias voltage are enclosed in a smooth 
sire box, visible behind the high voltage terminal at 
the top of the microscope. These are controlled through 
insulated leads to the main microscope panel. All other 
parts of the microscope are at ground potential. Below 
the high voltage terminal, in order, come the high volt- 
age insulator, anode section, condenser lens, object 
stage, objective lens, intermediate section with observa- 
tion window for viewing the first image, projection lens, 
final stage and observation window and, at the bottom, 
the camera. Figure 4 shows a photograph of the object 
stage, together with a cross-sectional drawing. The 
sample, mounted on a small disk of wire gauze, is placed 
in the end of the cartridge-like object holder. This is 
introduced into the object state through an air lock, the 
operation of which will be apparent from the drawing. 
Appropriate controls sas vertical and transverse 
adjustment so that any portion of the object may be 
selected for examination and brought into focus. Fig- 
ure 5 is a photograph of the objective lens with the pole 
pieces removed to show the construction more clearly. 
The projection lens is similar. The camera is so con- 
structed that plates may be introduced and removed 
through an air lock without breaking the vacuum in 
the microscope. A number of exposures may be taken 
on the same plate and when the plate holder is brought 
to the position ready for removal it automatically 
closes off the main body of the microscope by means of 
a trap door, sealed with a gasket. The camera may 
then be opened and the light-tight plate holder removed 
in daylight. The reverse procedure is followed in re- 
loading, the camera being first 
evacuated by means of an auxiliary 
pump before the trap door can be 
opened. (Continued on page 204) 
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Wen the war is over, machinery 
of all kinds will be closely scrutinized for its 
ability to meet the changed conditions. 
Thousands of machines will be redesigned to 
give them higher speed, greater precision 
and lower operating costs in order that their 
users will be able to compete at a profit. 


The greatly increased use of Timken Tapered 
Roller Bearings will be one of the most im- 
portant factors in securing these results. In 
many machines—previously only partially 
Timken Equipped—Timken Bearing advan- 
tages will be extended to every rotating 
member. Many other machines will be 
given new and higher standards of perform- 
ance through the use of Timken Bearings 
for the first time. 


When you have gained a thorough under- 
standing of Timken Bearings and their 
application you will be able to solve any 
bearing problem you may encounter 
and get 100% results. Begin to acquire 
that knowledge now; send for a free 
copy of the Timken Reference Manual. 


THE TIMKEN ROLLER BEARING 
COMPANY, CANTON, OHIO 


TIMKEN 


TAPERED ROLLER BEARINGS 


Manufacturers of Timken Tapered Roller 
Bearings for automobiles, motor truc 
railroad cars and locomotives and all 
kinds of industrial machinery; Timken 
Alloy Steels and Carbon and Alloy Seam- 
less Tubing; and Timken Rock Bits. 
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LOOK AHEAD! 


After college--a world of 
severe competition. The more 

-< youknow about Timken Bear- a 
S\ ings, the greater will be 
your success as an 
engineer. 
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Simplex Wire & Cable Co. 
79 Sidney St., Cambridge, Mass. 

















Of outstanding quality 
is produced by us daily 
for many buyers of good 
printing. Our forty years 
experience and modern 
equipment are available 
to you in caring for 
your printing problems 








EXIT: ‘‘Number Please! ’’ 
(Continued from page 192) 


The verification for the installed equipment occupies 
about ten weeks of the installing interval. Verification 
is merely a name given to a process of determining the 
service performance of central office equipment by 
physical or electrical inspections. In some frames, such 
as the test frames, every piece of equipment is inspected. 
In the larger frames, where there is a great deai of the 
same sort of equipment, a sampling procedure is used. 
To guide the installer in this type of work, the Bell 
System provides an installer’s handbook, which de- 
scribes in detail the plan to be followed in the sampling 
procedure. Incidentally, other handbooks are available 
to the installer to keep him posted on the newest devel- 
opments which deal with his particular job. The worker 
inspects the equipment in sample lots, the sizes of 
which are set up in the handbook tables. If he finds a 
smaller number of adjustment irregularities than the 
AN (a certain portion of a sample), it is indicated that 
the rest of the equipment in the sample is in good work- 
ing condition. If his list of irregularities exceeds AN, 
the sample lot must be inspected completely. A certain 
sample may have a number of irregularities less than 
the AN but still that number will exceed the SN (spotti- 
ness number). This number applies to a concentration 
of irregularities within a subgroup and an exceedingly 
large number of irregularities will mean that all the 
equipment will have to be verified. When inspecting 
relays, a small gauge is inserted near the armature which 
will insure minimum armature motion and thereby set 
up adverse working conditions. Thus if the equipment 
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functions properly under these conditions, it will invari- 
ably work under normal operating conditions. Com- 

lete records of these verifications are kept and sent 
back to the Bell Laboratories whose technicians analyze 
them and change any manufacturing requirements that 
they deem necessary in order to produce more perfect 
equipment. 

The testing of equipment is done in a period of 
sixteen weeks during the installing period. Testing 
operations are performed with test equipment which 
puts the ot office equipment through its regular 
operating paces and then checks its action. After the 
cutover, the equipment is always under continual test. 
Any difficulties show up at a maintenance center. 

In cases of damage to certain pieces of equipment, 
duplicate paths are established almost enatenely. A 
large part of the central office equipment is designed to 
operate on forty-eight volt storage battery current. A 
commercial power line is used to furnish building light- 
ing and through proper conversion is used to charge the 
storage batteries. The dial tone, busy tone, and ringing 
machine are also operated from the commercial power 
lines. In the event of failure of commercial power lines, 
emergency machines can be operated from the storage 
battery. This is one example of the precautions taken 
by the telephone company to insure uninterrupted 
service. 

The scheduled turnover of the installation job by 
the Western Electric Company, Inc., to the Illinois Bell 
Telephone Company is set (Continued on page 204) 
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Once there was a jitterbug 
that weighed 800 tons! 


How Westinghouse Engineers Made Vi- 


brating Turbine Generators Calm Down 


HEN the two-pole turbine gener- 

ator came along, it was hailed as 
a great thing. And it was. It delivered 
enormous amounts of amps and volts, 
did a titanic electrical job. But... 


Its rotor vibrated and endangered the 
alignment of the bearings, collector rings, 
and brushes. Its stator vibrated and 
made the foundations tremble. And, to 
make bad things worse, the vibrations 
were different from those found in the 
four-pole 1800-rpm machines—and they 
couldn’t be eliminated by the usual bal- 
ancing methods. Engineers had a tough 
problem on their hands. 


® Westinghouse engineers studied the 
rotor and found that it was acting like a 
two-by-four piece of wood. A two-by- 
four sags more lying flat than lying on 
its edge. It was the same with the long, 
slender, two-pole rotor. It sagged more 
lying one way than another. 


comeTHING MIGATy 
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This was why: Along two sides of the 
rotor, deep lengthwise slots were cut for 
the field windings. Naturally, the rotor 
had more give on the slotted sides than 
the solid sides. So, as the rotor turned, 
the give in the slotted sides made the 
downward force on the rotor supports 
change twice each revolution. The result: 
the rotor made the machine vibrate 120 
cycles a second. 


& What to do? 


Dummy slots in the solid sections:of 
the rotor would have equalized its rigid- 





ity. But Westinghouse engineers did 
something better. They cut several 
grooves across the solid sections. These 
grooves made the rotor’s rigidity equal 
on all sides, without disturbing the 
magnetic flux. The turbine generator 
worked at top efficiency, the vibration 
at the supports was reduced 88%, the 
rings, brushes, and collector rings didn’t 
take such a shaking-up. 





» That took care of the rotor. But West- 
inghouse engineers also had to figure out 
what to do about the stator vibration. 


Massive as it is, the stator was being 
pulled out of shape, first on top and 
bottom, then on the two sides. The 
400,000-pound magnetic force of the 
two-pole rotor was doing the pulling as 
it turned. 


> Of course, the change in the stator’s 
shape was too minute to be seen. But it 
could certainly be heard. For this change 
in shape was transmitted to the stator 
foundation as a 120 cycle vibration. 
From the foundation this vibration 
travels to floor and walls, making them 
hum. 


To put a stop to it, Westinghouse en- 
gineers developed a special, flexible 
mounting for the stator. It is as though 
the stator were supported on two sets of 
links. One set goes along with the stator 
when it vibrates horizontally, but doesn’t 
budge when the stator vibrates vertically. 
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The other set goes along with vertical 
but not with horizontal vibrations. 

> The effect of this ingenious arrange- 
men is that there is no motion at all 
where the links are attached to the stator 
foundation! The vibration at the sup- 
ports is reduced by 75%, the noise low- 
ered to less than ordinary power station 
noise levels! 

The job was done. Stator vibration 
was absorbed. Rotor vibration was 
calmed down. Westinghouse engineers 
had 3600-rpm, two-pole turbine gene- 
rators pouring out great electric power, 
and making no more vibration than 
machines running at half their speed. 





® The electrical industry was through 
with that vibration trouble for good. 


* * * 


This is a typical Westinghouse story. It’s 
typical because it’s a story about en- 
gineers. 

» There are 3500 engineers in Westing- 
house. They’re in all branches of the 
business . . . management, research, 
sales, design, service, testing. They shape 
the company’s attitude toward its work. 


Engineering is the heart of our busi- 
ness. Engineers create our products. 
Engineers solve our problems. Engineers 
determine our success. 


Westinghouse 


“An Engineer's Company,” Westinghouse Electric & Manufacturing Co., Pittsburgh, Pa. 
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EXIT: ‘‘Number Please! ’’ 
(Continued from page 202) 


for December 20, 1941. The actual cutover to dial 
service is done by the Illinois Bell Telephone Company 
and is scheduled for January 31, 1942. The public is 
informed of this changeover in a number of ways. An 
insert in the monthly telephone bill is the first notice. 
Later a letter precedes the telephone company installer’s 
visit to each customer’s premises, at which time he 
places a dial on the telephone instrument. Another 
insert covering proper dialing technique will be mailed 
to the customers preceding a personal demonstration by 
one of the members of the instructions squadron of the 
Illinois Bell Telephone Company. In addition to this, 
a sound movie short illustrating correct dialing tech- 
nique will be shown at several theaters located in the 
new dial area. 

Since it is necessary to maintain telephone service 
while the new exchange is being built, the old equipment 
has to be kept in good condition. Following the change- 
over, the old equipment is taken out by the installation 
crew. In the case of the Rogers Park Exchange, this 
available floor space will be used for future expansion 
and office space. A group of engineers from the Illinois 
Bell Telephone Company stays on duty at the exchange 
after the cutover to assist in any technical problems 
that might arise. 

After these new central office units are cut over 
about forty-three per cent of the Chicago telephones 
will be dial operated. 
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10,000X 
(Continued from page 200) 


Since electrons will penetrate only a very small 
thickness of matter the objects to be examined must be 
supported in a special way. For example, if we wished 
to investigate the size and shape of small particles, we 
might suspend these particles in a dilute solution of 
collodion and then form a thin film (100 to 200 A thick) 
on water and mount this film on one of the wire gauze 
disks. Other methods adapted to the nature of the 
material to be examined will suggest themselves. In 
operation, the specimen, mounted in one of the object 
holders, is inserted in the microscope. Assuming the 
microscope to be — the condenser lens current is 
adjusted until the electron beam is properly focussed, 
as observed on a small fluorescent screen (near the top 
of the object stage) which can be inserted in the beam 
or removed at will. The position of the object and the 
object lens current are then adjusted until an image of 
suitable magnification is in focus on the intermediate 
fluorescent screen. This magnification is usually around 
100 to 200; that is, small enough so that a general view 
of an appreciable area of the sample can be seen. A 
portion of this image is then selected for further mag- 
nification and the object moved so that this portion is 
brought over a small hole in the intermediate screen, 
thus allowing the beam to pass through to the projec- 
tion lens. The projection lens current is then aianed 
so as to produce the final magnification desired and the 
image focussed on the bottom fluorescent screen. Sev- 
eral fine adjustments are provided for the various lens 
currents and after these have all been adjusted so that 
the final image is in the best focus the bottom screen is 
swung out of the way and the image allowed to strike 
a photographic plate in the camera just beneath. An 
average exposure time is of the order of half a minute. 
Since the magnification in each stage is from 100 to 200 
the final magnification may be 10,000 or more. In 
Figure 6 there are shown some pictures of zinc oxide 
crystals of a magnification of about 12,000. The speci- 
mens were prepared by letting some smoke from a zinc 
are in air depesit on a piece of fine copper gauze held 
above the arc. The fine needle-like formations are a 
few hundred angstroms in width. 

It will be at once evident that the electron micro- 
scope is not an instrument to replace the ordinary a” 
cal microscope, but rather to supplement it. The elec- 
tron microscope is an instrument of extreme resolving 
power, but the types of specimens that may be examined 
are rather restricted. The necessity of placing the sample 
in a vacuum is a serious limitation. Also, it must be 
remembered that what the electron microscope sees is 
the variation in penetration of the electron beam 
through the specimen, or roughly, the surface density 
of material in the path of the beam. On the other hand, 
for such problems as the determination of particle size 
and shape the electron microscope extends the region 
of direct measurement by one or two orders of magni- 
tude. This is a tremendous step. In the biological 
field, bacteria of such a size as to be barely distinguish- 
able from points by optical methods, may be examined 
in detail as to size, shape, and sometimes internal 
structure. Some work has been done on the surface 
structure of metals by applying a thin film which is 
peeled off and examined; this method, while indirect, 
seems to offer considerable promise. Wherever ex- 
tremely high resolution is required and the material 
may be prepared in suitable form, the electron micro- 
scope offers a solution to the problem — but its limita- 
tions and its advantages should both be kept in mind. 
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Here's the Glass pump that couldnt be built. -. 


THE ENGINEER from the Chemical Works 
had one of his usual headaches. 


“We're pumping hot corrosive acids 
through your glass pipe, and it lasts for 
years,” he moaned, “and the works bogs 
down because the pumps can’t take it! 
Can’t you people build a glass pump?” 

It sounded impossible. Pump makers said 
it couldn’t be done. Such a pump required 


not only highly resistant glass but also in- 
tricate parts, accurate to thousandths of an 


inch! Even Corning had doubts but decided 
to tackle the problem. 


. 


Pooling its ideas with Nash Engineering 
Company’s knowledge of pumps, Corning 
devised new methods of glass manufacture, 
even a new type of glass for certain parts. 

And today chemical, food and beverage 
plants, and other industries handling cor- 
rosive solutions have a glass pump that 
works like a charm. Resistant to corrosion, 
it eliminates a cause of product contami- 


The Nash Glass Centrifugal Pump (left — cross section; above 


—coupled with driving motor, glass pump parts in background ) 
can handle up to 6000 gal. of corrosive acids and chemical fluids 
per hour against a 65-ft. head. 
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nation and undesirable chemical reactions. 
Resistant to heat shock, it may be cleaned 
with hot acids. Transparent, it permits con- 
stant visual inspection for cleanliness, 
color, sedimentation. 


In the same way, Corning research for 
three quarters of a century has licked such 
glass problems as the bulb for Edison’s first 
lamp, cooking ware for housewives, and 
tiny glass springs for chemical equipment. 
And in these days of metal-conservation, 
Corning ability has reached a new high in 
usefulness as engineers and produc- 
tion men use glass to solve their 
new problems. Industrial Division, 
Corning Glass Works, Corning, N. Y. 


LORNING 


nn a. 
Research in Glass 
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Figure 5. (Left) 
Figure 6. (Center) 
Figure 7. (Above) 


TIME IS VICTORY 
(Continued from page 197) 





(3) E=(1—10-*) + 100 
h 
(4) m= 
370) ,.«,3 
(2.50+25 ) x 
a 
(5) H-P= ft 


Here the nomographer was requested to make a chart 
which could be entered with valéie of H and P in equa- 
tion (4) or with values of pz, Mz, and K of equation 
(5). 

The scope and power of the subject of nomography 
are due basically to a single fascinating property. Let 
us place any alignment chart in a fixed position in space 
(Figure 7) and project it from an outside point P onto 
a new plane a not containing P and not parallel to the 
plane of the chart. The projection from P onto plane 
a of a point of the original chart will be given by the 
intersection with plane a of a line through P and 
through the point. Let all the essential details of the 
original chart be so projected onto plane a. The result- 
ing configuration on plane a is an alignment chart for 
the same equation. This is apparent from the observa- 
tion that if three graduations were colinear on the chart 
in line L, then the projection rays through these points 
and P are coplanar with L and P in a plane 8. Plane 8 
contains the projections onto plane a of the three grad- 
uations and these projections are colinear in the line M 
of intersection of plane a with plane 8. The original 
rectangular outline of the chart will in general be pro- 
jected into an irregular quadrilateral upon plane a and 
it seems possible that if the roles of the first and second 
charts are reversed we shall be able to take a chart 
which consumes an irregular quadrilateral and carry it 
over by such a central projection in space into a new 
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¢hart consuming a rectangle of specified dimensions 
This projection can actually be accomplished and allows 
us to draw up a chart in any form, bound the portion 
we wish to use by an irregular quadrilateral, and then 
iy gare this figure into a new one consuming a speci- 

ed rectangular space. It is also possible through such 
projections to manipulate the shapes of the scales, the 
densities of their graduations and, to some degree, the 
pune on scales which shall be inaccessibly far away. 

he advanced approach to these operations is through 
the tools of projective geometry and under such a basic 
treatment the entire subject of nomography quickly 
assumes a fluid aspect, but it should be emphasized 
that elementary principles can be the backbone of its 
development. 

The practical engineer does not regard nomography 
as an academic exercise but requires the immediate 
drafting of his chart as soon as its design has been 
skillfully worked out. The layout should be made as 
large as conveniently possible and permanence should 
be sought through inking. Since a line of colineation 
might cut a scale at a low enough angle to create an 
error which could subsequently be magnified, it is val- 
uable to strive for the highest drafting accuracy. Hence 
the nomographer seeks as great proficiency in his draft- 
ing as in his mathematics. If in addition he is able to 
grasp the gist of the physical operations which give rise 
to the original equation, this understanding will hel 
him treat the limits and ranges of the variables which 
have been given him with an intelligent flexibility which 
greatly adds to the usefulness of the chart. The diver- 
sity of these requirements cuts into the output of well- 
made charts ‘an at the same time brings greater appre- 
ciation in the engineering world for every chart which 
does its job well. 
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TOOLS 


TAPES — RULES — PRECISION 


_ No GUNS without GAGES 





Parts for guns and gun mounts are made 
in different factory departments, often in 
different factories. Without thousands of 
gages of all kinds, it would be impossible 
to control manufacturing operations so 
the finished parts fit when they come 
together. 

Greenfield Tap and Die Corporation 
is one of the largest and oldest gage man- 
ufacturers in the country. 


GREENFIELD TAP AND DIE CORPORATION 


GREENFIELD, MASSACHUSETTS 


/XYO\ GREENFIELD 








REAMERS - SCREW PLATES - PIPE TOOLS 


TAPS + DIES - GAGES - TWIST DRELLS - 





GEMS — AND BORT 
(Continued from page 195) 


that many diamonds mined in 1928. Fewer diamonds 
are being mined this year since the war has interfered 
with production in the South African mines which are 
ama by Britishers and from which the major portion 
of the diamonds come today. 

Many tons of rock must be moved to yield a single 
diamond. From 350 tons of rock and gravel a good 
mine may yield 46 carats of rough diamonds. All of 
this will be classed as commercial diamonds except 
about 23 carats. When the stones of poor color and 
those badly flawed are removed, about 12 carats of 
good diamonds will remain. Next the small stones are 
taken out and a two-carat diamond may be left. In the 
process of cutting, a fine one-carat diamond likely will 
emerge. 

A development in the diamond industry arising 
from the war, which will affect the pocketbook of many 
a bridegroom, is the advance in the price of melee, the 
small diamonds such as those set into wedding bands. 
This price rise did not happen by chance but has a defi- 
nite reason. 

Before the war began, almost all of the smaller 
diamonds were cut in Amsterdam, Antwerp and in 
Germany. Entire families were engaged in diamond 
cutting, often doing the work in their homes. The story 
of the flight of these diamond cutters before the advanc- 
ing armies is now part of the history of the invasion. 
Many of the cutters have now returned to their homes 
but the melee industry has not regained its place 
because it is impossible for the cutters to import dia- 
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monds. Various plans have been made to transplant 
the melee industry to this country but so far high wages 
have thrown up a barrier. 

The melee industry must not be confused with the 
cutting of large diamonds which is now being carried 
on successfully both in the United States and in South 
Africa. 

For gem purposes the diamond has held first place 
through the centuries not only because of its extreme 
degree of hardness but because the index of refraction 
of a diamond is the highest of that of any stone. The 
prismatic rainbow colors in the sparkle of a well-cut 
diamond exist because of all gems the diamond has the 
greatest dispersion of light. Brilliance is enhanced by 
scientific cutting. Neither a stone cut too thick nor 
too shallow will give the true brilliance which deter- 
mines the value of a diamond and is the quality most 
to be desired. 

A thick stone is heavy and can be sold at a low price 

r carat; one that is shallow will show a wide surface 
but little brilliance. These dull stones known as ‘‘fish 
eyes” frequently turn up through alleged distress ads 
in the classified columns of newspapers. Such diamonds 
are not worth the money pee It is always best to 
buy a diamond from a reputable dealer who will tell 
the truth about the stone. 

Fluorescence is a peculiar quality occurring in some 
diamonds, which is still puzzling. These diamonds are 
known as Premiers from the fact that they first came 
from the Premier mine. Under sunlight these are a 
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Samson Cordage Works 


Boston, Mass. 


Herbert G. Pratt, °85, Chairman of the Board 


Manufacturers of braided cords of all kinds, in- 
cluding sash cord, clothes line, trolley cord, 
signal cord, shade cord, Venetian blind cord, 
awning line, etc., also polished cotton twines, 
ladder tape for Venetian blinds, and specialties. 


= SAMSON SPOT CORD 
ae. i Oa _—_- 
a =a ie 


Reg. U. S. Pat. Of. 

















Our extra quality sash cord, distinguished at a 
lance by our trade-mark, the colored spots. 
specially well known as the most durable ma- 

terial for hanging windows, for which use it has 

been specified by architects for nearly half a 

century. 


very beautiful blue but in artificial or transmitted light 
much of this color and beauty are lost. 

It was a Belgian lapidist, Ludwig van Berquem, 
who discovered in 1475 that the diamond could be cut 
with its own dust. This opened the gateway to new 
beauty. Since then cutting of the diamond has gone 
through many phases up to the present 58-facet cut, 
universally accepted as the cutting giving the greatest 
brilliance. In a properly proportioned and polished 
diamond the light is reflected from the back facets. 
Color within the diamond arises from amounts of impu- 
rity in the carbon. : 


By accident and luck, some diamonds of great value 
have been found and picked up by Boer farmers, 
children and African natives, but this is the exception; 
most diamonds are produced by hard work. 


Diamond mining goes back to India, originating in 
the years between 600 and 800 B.C. It is belied that 
for about 1200 years all diamonds came from India. 
Then, about 600 A.D. diamonds were discovered in 
Borneo. The scene of diamond discoveries moved to 
Brazil in the eighteenth century. Today, the Brazilian 
supply is not great although it was in that South Ameri- 
can country that the _ peat diamond, now being 
cleaved, recently was found. For the last seventy years 
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Surveying 


Instruments 


Buff & Buff Mfg. Co. 


Jamaica Plain, Mass. 


Telephone ARNold 1770 VT i 
Write For New Adjustment Book 





Special Rates to Tech Students 


The Eliot Flowers 


87 MASSACHUSETTS AVENUE 


(NEAR COMMONWEALTH AVENUE) 


BOSTON, MASSACHUSETTS 
Kenmore 6470 





South Africa has produced most of the diamonds in 
the world. 

Of intense interest to geologists and mineralogists 
was the search for the origin of the diamund, which 
chemically is a crystalline carbon formed by gigantic 
heat and pressure. 

Early finds were in river beds and in dry washes. 
How they came to be there, nobody knew. So many 
diamonds were found after rains that superstition 
pointed to the rains as diamond-bearing. The first 
scientific explanation occurred with the discovery of 
diamonds in South Africa. Only in South Africa and in 
the State of Arkansas, U. S. A., does the diamond 
appear in its original matrix or “blue ground.” 

From a study of this formation came the belief 
that ages ago in masses of molten rock existing in the 
depths of the earth minute particles of carbon began to 
crystallize as diamonds through heat and pressure. 
With the passing of ages, it is thought this- molten 
rock pushed toward the surface bearing diamonds. 
Streams eating into this rock bore the diamonds down- 
river with lesser gravel. 

Single diamonds have been found in Arkansas and 
in a number of our States situated in glacial regions but 
most of these diamonds are small and the mining indus- 
try in this country has never reached world importance. 


THE TECH ENGINEERING NEWS 









Making Hell-Buggies in a hurry! 


It’s the first tanks, bombers 
and guns that make the head— 
lines. But it’s their steady 
day to day production that 
really counts. And it’s keep— 
ing machine tools operating at 
top efficiency that makes this 
possible. This calls for the 
regular grinding and condition— 
ing of every tool and die...a 
task that is done in the tool 
rooms of industry, where 
Carborundum—made grinding 
wheels are doing one of their 
most important defense jobs. 


Thousands of vital parts are be— 
ing turned out by the reamers, 
milling cutters, broaches, hobs, 
drills, taps and dies that 
Carborundum—made tool-—room 
wheels help keep at work on the 
production lines. Carborundum 
Brand Diamond Wheels are speed— 
ing the grinding of cemented 
carbide tools, and special 
Aloxite Brand "AA" and other 
types of cool—cutting wheels 
are grinding tools of steel. 


As Engineers in Industry you will 
find that our outstanding research, 
manufacturing and engineering facil- 
ities enable us to render a real 
service on tool-room grinding, or 
any other job that calls for grind— 
ing wheels or coated abrasives. The 
Carborundum Co., Niagara Falls, N.Y. 


CARBORUNDUM 


ABRASIVE -<4@m™m, PRODUCTS 


60 YEARS OF SERVICE ey TO ALL INDUSTRY 
Carborundum and Aloxite are registered trade-marks of 


and indicate manufacture by The Carborundum Company. 
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Two microphones fit against the sides 
of his Adam’s apple. He doesn’t have 
to hold this™ mike” ~ his hands are free. 


Western Electric 


How can a throat microphone 
help win battles? 


This throat microphone is something 
new—made by Western Electric for 
the nation’s air forces. 

It picks up the vibrations from the 
flyer’s vocal cords. Motor roar and 
machine-gun chatter don’t get in to 
drown out his radio message. And 
the battle’s outcome may depend on 
that message getting through. 


This important device was devel- 
oped by Bell Telephone Laborato- 
ries, pioneers in the field of aviation 
radio, and was made in the same 
workshop as your Bell Telephone. 
It is among the many benefits 
which have grown out of Western 
Electric’s long experience as manu- 


facturer for the Bell System. 


...is back of your 
Bell Telephone service 











STEP OW THE GAS! 


TEPPING on the gas to produce a speed increase of 
six feet per day along a highway wouldn’t break any 
speed laws. But six feet extra per day makes engineers 
hang on their hats when the traveling is through solid 
rock. And that’s the added progress being made by the 
company excavating the eastern portal of the new 13- 
mile Continental Divide tunnel by the installation of a 
new ventilating system utilizing G-E motors and control. 
The system saves 20 minutes in the time between 
shooting each blast in the tunnel and getting back to 
drilling again. Fans spaced along the tunnel start up 
immediately after the blast, suck out the gas and smoke, 
and then reverse and blow fresh air into the tunnel. 
The fans start in sequence, with an interval of 20 seconds 
between each, so as to prevent building up large differ- 
ences of pressure. 

The tunnel is being excavated by the S. S. Magoffin 
Company, under the direction of the U. S. Bureau of 
Reclamation, to bring water for irrigation and power from 
Grand Lake, on the western slope of the Continental 
Divide, to the eastern slope. 
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CREEPY BUSINESS 


TEEL, or any other solid material for that matter, 
deforms and creeps when subjected to heat and 
tress. But how much a given piece of steel in, say, a 
‘eam turbine, is going to creep during its life of 10 or 





20 years is something a designing engineer can’t wait 
10 or 20 years to find out. 

That’s why all sorts of accelerated creep tests have been 
tried—ways to get a hurry-up prediction of the behavior 
of metal in service. Dr. Saul Dushman (U. of Toronto 
’04), assistant director of the G-E Research Laboratory; 
has thrown some new light on this problem by devising 
a method that produces extensions in length of as much 
as half a per cent an hour. By it he can get information 
in a day or two that would have required months by older 
methods. 

The method consists of loading a thin wire of the metal 
with a weight, heating it with an electric current to a 
bright red heat in an atmosphere of nitrogen, and measur- 
ing the extension. The results seem also to suggest that 
creep does not occur atom by atom along the length, 
but rather in the movement of groups of atoms numbering 
from 50 to 1000. 





95% PERFECT 


ILADY will find her reflected charms brighter if 

her mirror is coated with silver, but that reflection 

will wear better if the coating is aluminum. That’s what 

Frank Benford (U. of Michigan ’10) and W. A. Ruggles, 

of the G-E Research Laboratory, found when they tested 
37 kinds of mirror surfaces. 

Silver evaporated onto the front surface of the mirror 
from an electric filament reflected 95 per cent of the in- 
cident light. The initial score for aluminum was only 88 
per cent. But six months later the aluminum mirror was 
just as good as ever, while the silver one had deteriorated 
considerably. 

Gold, incidentally, scored third among the pure metals, 
reflecting 82 per cent of the light. But while all the other 
metals gave their best results when evaporated on the 
front surface of the mirror, gold worked best when de- 
posited on the back, as is the practice with ordinary 
looking glasses. 
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